Recent LHCb measurements of the J/ψ meson production in jets is analyzed using fragmentation jet function formalism. It is shown that disagreement with theoretical predictions for distribution over the fraction of J/ψ transverse momentum z(J/ψ) in the cases of prompt production can be explained if one takes into account evolution of the fragmentation function and contributions from double parton scattering mechanism.
Introduction
In a recent experimental paper [1] LHCb Collaboration analyzed J/ψ meson production in induced by c-quark jets in the forward region of proton-proton interaction at center-of-mass energy √ s = 13 TeV. In the cited work distributions over fraction of the jet transverse momentum carried by the J/ψ meson
were presented both for J/ψ mesons produced in b-hadron decays and promptly. It turns out, that in the first case experimental results are consistent with theoretical predictions, while in the latter case a noticeable disagreement with theory is observed. In Fig.1 one can clearly see that measured by LHCb Collaboration z-distribution of promptly produced J/ψ is significantly softer than theoretical predictions made by Pythia8 [2] generator. In our short note we will try to give a simple explanation of this disagreement. 
J/ψ Production in Jets
In the original experimental paper it is required that a transverse momentum of the jet p jet T > p min T = 20 GeV, that is high enough to consider the applicability of fragmentation approach. In this approach the measured distribution can be written in the form
where D c→J/ψ (z) is the fragmentation function that describes c-quark transition into J/ψ meson and k T is a transverse momentum of -quark. This function is universal and at LO QCD can be calculated using presented in Fig.2 Feynman diagram. The analytical forms of fragmentation function for S wave states are known from [3, 4] :
where α s is a strong coupling constant and r = mQ mQ+mq and |R S (0)| is a value of Qq quarkonium wave function at origin. For our case r = 0.5 and the formula can be rewritten as follows (see also [5] ): Integrating over z, we can obtain the total probability to produce J/ψ and c in fragmentation process [5] :
As it is shown in [6] , the non-fragmentation mechanisms essentially contribute to hadronic J/ψ + c +c production. However these contributions rapidly decrease with transverse momenta increasing and only mentioned above fragmentation contribution is left with close in rapidity J/ψ meson and c quark. This quark could be observed as D meson in the same jet as J/ψ and it is interesting to note that in our model we could expect z(D) ≈ z(J/ψ)/2.
We show this function in Fig.1 with dotted curve and one can see that its form (as well as Pythia8 predictions) contradicts experimental data.
It should be noted, however, that the fragmentation function (3) depends on the factorization scale µ 2 and the parametrization (5) corresponds to value µ = µ 1 = m c . Comparison with high-energy experimental results, on the other hand, should be performed at some higher scale of the order µ 2 ∼ p min T . From papers [7, 8] it is known that the evolution from µ 2 1 to µ 2 2 leads to significant variation of the shape of fragmentation function. This evolution can be described using DGLAP evolution equation [9, 10, 11, 12] and using it one can easy track the evolution of the fragmentation function (5) from µ 2 = µ 2 1 to µ 2 = µ 2 2 scales. The corresponding results are shown in Fig.3 . It is clear, that after the evolution of the fragmentation function was taken into account, the agreement with experimental data in high z region is restored. There is, however, some experimental excess in z ∼ 0.2 region. In order to describe this peak one should also add contributions from double parton scattering (DPS) mechanism. The corresponding distribution is presented in [1] . This distribution was obtained using Pythia8 generator with default setting, that in turn corresponds to σ eff ∼ 30 mb. Simple estimates, on the other hand, shows, that experimental data supports higher contributions of the DPS mechanism (and, correspondingly, smaller value of the effective cross section), so in our work we use only the shape of DPS component.
Since overall normalizations are not known, we describe total cross section as a sum of DPS and fragmentation signals with free parameters:
where numerical values of the parameters c DPS,frag were determined from fit of the experimental data:
The correlation matrix of the fit is 1 −0.37 −0.37 1 .
In Fig.4 and Table 1 we show calculated with these parameters total cross section in comparison with experimental data. One can clearly see that after double parton scattering contributions and evolution of the fragmentation function were taken into account, theoretical estimates are in reasonable agreement with the experiment.
Conclusion
Let us summarize briefly the results of our work. It was shown that the disagreement between theoretical predictions and experimental results in z-distribution of prompt J/ψ meson production in jets can be removed if one takes into account evolution of the fragmentation function c → J/ψ +c and double parton scattering contribution.
It should be mentioned that in our calculations we restrict ourselves to colorsinglet mechanism. In the recent work [13] it was proposed to explain the same discrepancy taking into account also contributions of color-octet components of the J/ψ meson. A more detailed experimental study if the process under consideration (including, probably, polarization measurements [14] ) could help to solve this problem more accurately. In addition, our model predicts that charmed meson should be present comoving with J/ψ with z(D) ≈ z(J/ψ)/2, so it could be interesting to search for this particle. It should be noted also, that according to papers [6, 15, 16] for transverse momentum under consideration non-fragmentation contributions could also be important. In our future work we plan to study this question in more details.
